partners who are more likely to be HIV positive. 1, 2 Youth with substance use disorders face increased risk if they inject drugs, and also because heavy drinking, marijuana use, and illicit drug use may be associated with a greater number of sexual partners, and with less frequent condom use. 5 Young men who have recently been incarcerated report more frequent unprotected sex, and are more likely to report having sex while under the influence of drugs and alcohol than those not recently incarcerated. 4 Many young people at greatest risk of HIV-infection have limited or inconsistent access to primary care, 6Á8 and thus may have limited access to preventive care, HIV testing, and related health education. In fact, approximately 60 percent of HIV infected young people remain undiagnosed. 3 In recent years, programs to increase HIV testing in non-traditional settings, 9, 10 including routine testing programs in hospital emergency departments (ED), have reached many patients with undiagnosed HIV, and have facilitated linkage to care for members of high need populations. Still, young ED patients frequently decline testing and are less likely to accept a test offered by hospital staff compared to older patients in the same setting. 11 Furthermore, routine testing programs are not designed to identify and provide prevention services to youth who test HIV negative but continue to engage in behaviors that greatly increase their HIV risk.
Due to a lack of time and high existing workloads, clinical staff in EDs and other high volume settings may not routinely screen youth for substance use or sexual risks that increase HIV risk, especially if the patient's presenting medical condition does not appear directly related to these risk behaviors. Opportunities to engage high-risk youth may also be missed because many young patients do not disclose substance use or sexual risk when asked by medical staff because they fear legal consequences and/or stigma. 7 Moreover, young people who test negative in a high volume clinical setting, but do not receive adequate health education, may not understand the need to re-test for HIV if they receive a negative test result and have been recently exposed to HIV, 12 or if they test negative and continue to engage in risky behaviors.
Previous research has shown that young patients are more comfortable reporting substance use and sexual risk behaviors via computer compared to an inperson screening, because they do not expect a computer will judge them negatively, but expect that a person will. 13, 14 Studies have also shown computer-based interventions can increase HIV test rates among patients in high volume clinical settings, including testing by patients who declined tests offered by hospital staff. 11 Research with a sample of ED patients who declined HIV testing offered by a triage nurse also indicates an apparent association between reporting problematic substance use via a computer-based intervention and then accepting an HIV test offered by computer. 15 
Study Objectives
The primary objectives of the current research were to: develop a tablet-based intervention to increase HIV testing and facilitate more complete behavioral risk reporting among youth; to examine the feasibility and preliminary efficacy of the tablet-based intervention in a high volume clinical setting; and to examine the feasibility and preliminary efficacy of a text message-based follow up protocol for participants who tested HIV negative and reported increased risk.
To increase HIV testing among youth, including youth who decline tests when offered, and to facilitate more thorough behavioral risk reporting, the current research developed a computer-based intervention which incorporated an automated screening tool to facilitate self-reporting of substance use and sexual risk. Because, as mentioned earlier, patients may not understand the need for repeat testing, 12 the current research also developed a text message based follow-up protocol to encourage participants who tested HIV negative but reported current substance use, sexual risk factors, or recent incarceration to re-test in 90 days.
Once the automated screening tool had been developed, the research team piloted the intervention in a high volume, urban ED to examine preliminary feasibility and acceptability among a sample of young people who initially declined HIV tests offered by a nurse at triage. The main objectives of the current study were to examine the following questions that emerged during the development of the technology and the pilot study protocol:
ED-based Screening
Would participants aged 18-24, who initially declined HIV tests, participate in the study?
Would participants complete the substance use and sexual risk screenings?
Would participants report risk that could potentially warrant re-testing, and related follow-up via text message?
Text Message Protocol
Would participants provide their mobile phone numbers and agree to receive text messages?
Would participants respond to text messages sent over several months?
Would participants return for HIV re-testing after the 12 week window period?
Method
In March and April 2015 research assistants (RAs) recruited patients aged 18-24 in the main and pediatric treatment areas of a high volume New York City ED that serves roughly 130,000 patients annually.
Sample
RAs recruited a convenience sample of 100 patients, both female (66%) and male. Slightly less than half of the participants (46%) identified as Black or African American, with 30% identifying as Black non-Latino and 16% as Black Latino. Less than one-third of the participants (29%) identified as White, with 16% identifying as White non-Latino and 13% identifying as White Latino.
Recruitment
Participants were eligible for the study if they were: aged 18 Á 24; not known to be HIV positive; declined an HIV test at triage. Patients were excluded from the study if they were currently a prisoner, unconscious, intoxicated, did not understand written English, or were otherwise unable to provide written informed consent. Patients were also excluded from the study if they were diagnosed by hospital staff as being in the most emergent need of medical care, and were classified as Level 1 or Level 2 according to the Emergency Severity Index. 16 RAs approached patients in the exam rooms or hospital beds where they were receiving treatment and after briefly describing the study, asked the patients if they would like to know more. If so, the RAs described the study in greater detail and provided written informed consent materials describing study procedures. Both the RAs and the written materials emphasized that participation was voluntary and consent to participate could be withdrawn at anytime by the patient. Consent documents also informed the patient that depending on their responses to questions asked by the computers, they might be asked if they would like to receive text messages related to HIV testing and prevention after discharge from the ED. Consent documents explained participants would only receive text messages if they agreed to, and that they could participate in the ED-based portion of the study without agreeing to accept text messages. Consent materials, study protocols, and study instruments were approved by governing institutional review boards. Participants did not receive any incentives to participate in the study, but were notified that if they responded to some text messages they could win $25, and that they would receive $25 if they returned for re-testing at a clinic affiliated with the ED in 90 days.
Tablet-Based Screening Procedure
Participants who provided written consent used tablet computers to enter basic demographic data (e.g. age, race, gender) and to compete the substance use and sexual risk screenings. The substance use screening was based on the WHO ASSIST 17 and separately examined the use of alcohol, tobacco, and other substances in the past three months. If a participant reported the use of a particular substance, the automated screening tool then asked if: use of the substance led to legal or financial trouble; a friend or relative had expressed concern about their use of the substance; and if they had tried but failed to control or cut down their use of the substance.
The sexual risk screening asked participants if they had sex within the past 12 months, and if so, asked with how many partners, and whether these partners were male, female or both. The screening also separately asked if the last time they had sex with their main partner: they were under the influence of alcohol; they used drugs to get high before or during sex; and whether a condom was used. In addition, the screening asked participants if they had sex in the past 12 months with someone other than their main partner, and if so, if the last time they had sex with a non-main partner: they were under the influence of alcohol; they used drugs to get high before or during sex; and whether a condom was used.
Lastly, the risk screening asked whether during the past 12 months participants had been held in a detention center, jail, or prison, for more than 24 hours.
Following the risk screenings, the tablets displayed a brief video (approximately 1.5 minutes) of a doctor discussing the HIV test process with a patient in an ED treatment room, and demonstrating a rapid oral HIV test. The content was designed to help patients understand the HIV testing process, including the 90 day window period, and to emphasize the need for retesting by patients who may have been recently exposed to HIV, or who continued to engage in behaviors that could increase their risk of infection. The video explained that people who are HIV infected may not show symptoms, and that people with HIV can feel healthy. The video also provided basic information on HIV prevention, explaining, for example, that using oil-based lubricants can weaken condoms causing them to break, therefore possibly exposing people to HIV. In addition, the video explained testing details that previous research indicates may encourage people to test for HIV (e.g. HIV tests can be administered without drawing blood, and results can be delivered in 20 minutes). 11 At the end of the tablet-based intervention, the tablets asked participants if they would like an HIV test. Possible responses were ''Yes'' or ''No. ' ' Participants who accepted were tested by hospital staff and received their results before discharge.
Text Message Protocol
If the participant clicked ''Yes'' in response to the offer of an HIV test, the tablet-based intervention evaluated their responses to the risk screening questions to determine if the participant was eligible for the text message follow-up protocol. If participants reported: substance use in the last three months; sex with multiple partners; sex while using drugs and/or alcohol; sex without a condom; or recent incarceration, the tablets displayed a screen asking if the participant would like to receive one follow-up text message each week for 12 weeks. The screen informed participants that if they returned for re-testing after the last text message they would receive $25, and that they could end their participation at anytime by texting back ''STOP.'' Possible responses to the offer of text messages were ''Yes'' or ''No.'' If a participant indicated they did not want to receive text messages, they were thanked and their study participation ended. If participants indicated they wanted to receive text messages, the RA obtained additional written informed consent, entered participants' mobile phone number and email address into a software-based research tool created for the current study, and then monitored the patients' electronic medical record to see the HIV test result.
To ensure only patients who tested HIV negative received follow-up text messages about the importance of re-testing, RAs only uploaded participants' mobile phone number and email to the project database after a negative HIV test result appeared in the patients' medical record. If patients tested HIV positive, they would be linked to care by hospital staff.
Once written informed consent had been obtained and a negative HIV test result had been verified by the RA, a text message was sent to the participant before discharge from the ED. The message thanked the participant for enrolling in the study, and asked the participant to ''text back 1'' to confirm they received the message.
Text Message Content
Over the next 12 weeks eligible participants who provided written consent received a series of text messages, including messages at weeks 4, 6, and 8 that asked the participant to respond to a knowledge test question for a chance to win $25. These response texts were intended not only to measure participant knowledge after the intervention had been completed, but to encourage greater levels of participant engagement: if successful, participants would not only read the text messages, but would send texts back to the research team.
Text message content was designed to address previously established barriers to testing, including low perceived self-risk. 18, 19 Like the video, text messages were also designed to emphasize details of the test process that participants in prior studies said contributed to their decisions to test. 11 Prior to the pilot, content of the text messages was refined through an iterative process of qualitative interviews with ED patients (n 06) aged 18 Á 24. During the development phase of the study, the PI individually interviewed a sample of patients in the ED, showing them draft text messages and asking for feedback about each message, as well as their response to the overall study protocol. The PI then revised the draft texts in response to this feedback, and conducted two additional rounds of interviews, making revisions in response to patient feedback after each round.
The final text message (sent 12 weeks after the patients' ED visit and enrollment in the study) asked participants to return for a free HIV test at a clinic affiliated with the ED, and explained that if they showed the text to clinic staff and tested for HIV, the study would pay $25. Clinic staff were instructed to inform the research team via secure hospital email if a participant returned for re-testing and to identify the participant by mobile phone number. This protocol was designed so research staff could verify that: the mobile number had been sent text messages as part of the study; and no patients had previously re-tested and identified themselves using the same mobile number.
Payments to participants were processed using a Bluebird account from American Express. When participants provided written consent to receive text messages, the RA gave participants illustrated instructions explaining how they could sign up online for a Bluebird account free of charge, and that if they responded to knowledge test questions or re-tested after 90 days, the project would add $25 to their account via Bluebird. This method of payment was selected because it enabled the research team to remotely transfer funds to participants rather than requiring participants to return to the ED to ask for payment. The payment protocol was also selected to maintain participant privacy. Because participants could create accounts on their own, directly through Bluebird, they did not need to provide social security numbers, dates of birth, or other sensitive identifying information to project staff.
Results

ED-Based Screening
Would patients agree to participate, and complete the intervention? Over the course of 23 days of data collection, four trained RAs approached 217 patients aged 18 Á 24 years who had declined HIV tests at triage. One hundred patients agreed to participate. Of these, 98 participants completed the entire ED-based screening and intervention, and 30 percent (95% CI: 22% -40%) (n 0 30) accepted an HIV test offered by computer at the end of the intervention. For more details, please see Figure 1 , the CONSORT diagram.
Would participants report risk at levels eligible for follow-up via text message? As detailed in Table 1 , nearly three quarters of participants reported current alcohol use (n 0 75), including 25 participants under the age of 21, and almost half (n 0 49) reported current cannabis use.
Of those reporting cannabis use, approximately 45 percent (n 0 22) reported that their use led to health, social, legal or financial problems at least once in the past three months; and approximately 30 percent (n 0 15) reported they tried and failed to control, cut down, or stop their cannabis use.
As detailed in Table 2 , participants also reported engaging in a range of sexual risk behaviors, including having sex while using alcohol and/or drugs with their main and non-main sexual partners, as well as having unprotected sex with main and non-main partners.
Text Message Protocol
Would participants provide their mobile phone numbers and agree to receive text messages? Participants were eligible to receive follow-up text messages if they 1) reported behaviors that increased their HIV risk during the tablet-based screening and 2) also accepted HIV tests offered by the tablets. Thirty participants accepted an HIV test, and based on their responses to the risk screening, the computers asked all of the participants who accepted testing if they would like to receive follow-up text messages about HIV prevention and testing.
As indicated in Figure 1 , 23 eligible participants accepted text messages and 21 provided written consent to receive text messages for 12 weeks following the ED-based intervention. Tables 1 and  2 detail the reported substance use and sexual risk, respectively, among participants. 
Discussion
The results indicate that young ED patients (age 18 Á 24) are not only willing to complete a highly detailed HIV risk screening examining both substance use and sexual risk behaviors, but are also willing to provide their mobile phone numbers after the risk screening to participate in a text-message based follow-up protocol. Data also indicate a majority of participants who received text messages continued to read and respond to the texts for approximately two months following the initial ED-based intervention: two thirds (66.7%) of participants who agreed to receive text messages responded to a question at week 6, and more than half (57.1%) responded to a question at week 8. Given that the current pilot only enrolled young patients who had already declined HIV testing offered by hospital staff, these results are highly encouraging.
The low rate of re-testing following the 12-week text message protocol (one patient returned to re-test after receiving text messages) indicates the need for an improved intervention design. Participants may have thought additional HIV testing unnecessary 12 weeks after their ED visit, or may have been unwilling to return to a clinic at the hospital specifically to receive follow-up testing. Future designs can build upon the intervention's apparent success at engaging participants via text message, and intervention content, including texts, can be revised to more effectively address the importance of re-testing. The intervention's risk-identification algorithms can also be refined to determine which patients would benefit most from texts about retesting, and who might benefit more from other types of text-based intervention content (described further in the next section).
Further research into how financial incentives impact results may also be warranted. As noted above, participants were offered the chance to win $25 if they responded to text messages. Offering an opportunity to win money is far more sustainable than offering $25 to each participant who responds to a text. Additional research can explore whether participants may respond without the chance to win money, or how other less costly incentives may be used to encourage greater response.
A revised design can also address possible physical barriers to re-testing. The clinic selected for the current pilot may have been difficult for participants to find (the clinic entrance is on the third floor of a large hospital building) even though participants received a text including a link to the clinic website which contains the full address and a map. Revised 11.5% (n 0 10) 9% (n 0 2) . . .had you been using drugs to get high before or during sex? 9.3% (n 0 8) 9% (n 0 2) . . .was a condom used?
43.0% (n 0 37) 43% (n 0 10) Non-main sexual partner In the past 12 months, have you had sex with someone who is not your main partner or whom you did not consider to be your main partner at the time?
26.7% (n 0 23) 35% (n 0 8)
The last time you had sex with this partner. . . . . .were you under the influence of alcohol? 17.4% (n 0 4) 4% (n 0 1) . . .had you been using drugs to get high before or during sex? 13.0% (n 0 3) 9% (n 0 2) . . .was a condom used?
65.2% (n 0 15) 26% (n 0 6) During the past year, have you been held in a detention center, jail, or prison, for more than 24 hours?
5.1% (n 0 5) 9% (n 0 2) 
Behavioral interventions via text
Perhaps as important as encouraging re-testing, if not more so, a significant value of the current design may be the ability to identify and maintain contact with high risk, HIV negative youth via text message. Given the current focus on helping youth who are HIV negative to stay HIV negative, technology developed for the current study can be adapted to facilitate screening of young patients and then remotely deliver behavioral interventions to reduce HIV risk among those most in need.
As noted above, participants remained engaged with the mobile intervention and responded to text messages months after their initial visit to the ED. Instead of encouraging participants to return to a clinic for re-testing, text-based interventions could be developed to reduce HIV risk related to substance use and sexual behaviors. Technology developed for the current study could also be readily adapted to identify high risk, HIV negative patients who could benefit from pre-exposure prophylaxis (PrEP), and to encourage adherence when medications are prescribed.
The protocol developed for the current study can also be expanded to reach high risk, HIV negative ED patients older than 24, who may otherwise be missed by current prevention efforts. This strategy may prove especially valuable in environments where patients are routinely tested for HIV but interventions are generally not offered to those who test negative. Because HIV risk remains especially high for specific sub-populations of young people who frequently lack access to primary care (e.g. young Black MSM) (66, 7) versions of the intervention can be developed for use in community settings, and implemented in areas where high-risk youth congregate. Versions of the intervention can also be developed for young men leaving incarceration, or recently released. No privacy issues were raised by participants in the current pilot study, and all messages were carefully designed not to include any test results or reveal any protected health information (PHI). Maintaining participant privacy remains essential to our research team in both current and future projects.
Conclusion
The current design builds upon the privacy afforded by computer-based risk screenings, patients' increased comfort reporting behavioral risk to a computer compared to a clinician, and the ease of maintaining contact via text message. Our findings indicate not only that patients in a high volume clinical setting were willing to enroll in the current study and report risk (including sex with multiple partners while using alcohol or illicit drugs), but were willing to provide their mobile phone numbers.
Further, a majority of those who provided mobile numbers were willing to engage with a text messagebased intervention over a period of months. Future designs can potentially be developed to facilitate more complete risk reporting in clinical and nonclinical settings, and to maintain post-intervention engagement with members of additional hard to reach populations.
